Text classification is the basic work of researching on the evolution of emergencies. While, in emergency information management systems, most of the emergency information is currently expressed in a text form and always manually classified, which might result in poor efficiency and low accuracy. To deal with it, this paper proposes an automatic emergency text classification method based on rules and Maximum Entropy Model (MEM). First, according to the Public Safety Triangular Framework (PSTF) theory, an emergency information constitution mechanism is established. Then, based on it, the corresponding feature words base is built and is used for constructing the Event Rules Base (ERB). ERB acts as classification basis and is input into MEM for training to generate the emergency text classifier. Experiment results on real data demonstrate that the proposed classification method is able to yield good performance.
Introduction
With the development of the socio-economy, the public pay more attention to work safety and personal security. A higher level of the emergency response is demanded. However, emergency information in information management systems is currently expressed in a text form and always classified by manual work, which is less efficient, less accurate and might result in time delay. An automatic emergency text classification method is needed.
Text classification methods could be divided into statistics based ones and rule based ones. Both of them have merits and defects. While by combining them, the statistics-rule based classification method has been verified to have a better performance than tradition ones. In [1] , the author proposes a Multiple-layer classification method for Web emergency news based on rules and Bayes. And in [2] , the author proposes a statics-rule based hierarchical classification for Web pages based on rules and Rocchio algorithm, However, Bayes and Rocchio algorithm are not better than KNN, SVM, and Maximum Entropy Model (MEM) in both accuracy and stability [3, 4] . Especially, MEM enjoys excellent flexibility, linear training time and liner classification time, and has been validated as a better model for text classification method [4, 5] Yet, all of the above studies do not describe the classification application in emergency information domain. Thus, in order to improve the government emergency classification, we propose an automatic emergency text classification method based on rules and MEM.
Event Rules Base Modeling
In China, the emergencies can be divided into four major categories: natural disasters, accidents, public health incidents, social safety incidents; and many minor classes, such as fire, wild fire, etc. In the paper, we choose five types emergency information: fires, wild fires, traffic accidents, dangerous chemical accidents and earthquakes, for classification research.
Emergency Information Composition Mechanism
Emergency information mostly is unstructured text date which can't be recognized by classifiers. To deal with it, we choose the vector space model for text representation. Event feature vectors are combined by feature words and being used as the corresponding emergency classification rules. The rule is the classification basis of the emergency classifier.
In order to obtain the classification rules, we basically follow the classical routines of the rule based methods to quantitatively process the text. First, by texts training, we generate the feature words of vectorized emergency texts. Then, based on the feature words, we design the classification rules to constitute the Event Rules Base (ERB) by experts. The ERB is the set of classification rules of different types of emergencies. However, this could be subjective and biased, seriously depending on the experts' specialty and working experience. On the contrary, simple supervised training could result in poor performance due to serious crossover among different emergency categories, the poor-quality emergency corpus. The output might not fully meet the users' needs, especially, when it is applied in government emergency management.
To deal with it, a more objective emergency information composition mechanism is needed. According to the Public Security Triangular Framework (PSTF) proposed by Tsinghua University Institute of Public Safety Research [6] , we divide emergency information into three parts, disaster information, disaster damage information, and emergency management information. Disaster information is the description of the disaster itself, such as, the disaster name, disaster intensity, etc. Disaster damage information describes the effects of disasters on hazarded bearing body, such as casualty, building damage, etc. Emergency management information is the description of emergency respond and its result, such as rescue measures, etc.
According to the composition mechanism above, we can obtain the emergency classification rules by the follow steps. First, we divide the feature words got by text training into the above three parts and input them to the feature words database. Then, the database is slightly adjust by a group of field experts to remove some useless feature words or co-occurrence feature words of crossover event. Finally, feature words are selected from the database by another group of experts to construct classification rules. Thus, the more comprehensive classification rules are obtained. Both subjective awareness and objective generalization is more preferably balanced.
Constructing the Event Rules Base
Given the above, the ERB can be constructed by completing the following steps: First, some emergency texts are selected from the emergency information management system, and manually classified into corresponding types.
Second, feature words are obtained by training these texts, and stored in corresponding feature words database based on the emergency information composition mechanism with manual adjustment.
Third, select feature words from these databases and construct classification rules by experts. Finally, arrange each emergency's classification rule line by line, and obtain ERB finally.
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The ERB of the five types of emergencies in this paper is shown partly in Table 1 . 
Text Classification Based on Maximum Entropy Model

Maximum Entropy Model
Maximum entropy model (MEM) is based on maximum entropy principle. Its main idea is, subject to precisely stated prior data, the probability distribution which best represents the current state of knowledge is the one with largest entropy.
In emergency text classification, we suppose that x is a vector composed by feature words of a certain emergency type-y . X is the set of all vectors, and Y is the set of all emergency types. We want to find the probability that the emergency text represented by vector x belongs to a certain type y , and it can be denoted by ( | ) p y x . Based on MEM, ( | ) p y x satisfies the definition below to meet certain constraint conditions:
The constraint conditions mentioned above refer to all the known facts, and can be expressed by the feature function defined as follows: Where:
i  is a parameter that represents the weight of each vector, which can be calculated by the GIS algorithm [7] .
() x  is a normalization factor expressed by the following equations:
Flow Chart of Emergency Texts Classification Method
The flow chart of the automatic emergency text classification method, is shown in Fig. 1 .
Word Segmentation
Deleting ERB is the set of the classification rules constracted by features words of training texts. And it is the classification basis of the classification method. We input ERB into MEM for training to generate emergency text classifier.
First, we preprocess the unknown text by word segmentation, removing stop words, gain its original feature vector. Next, we conduct feature selection, remove the useless feature words from the original feature vector, and gain the representative feature vectors of the unknown text. Then, the proposed method input the representative feature vector into emergency text classifier to determine the unknown text type by calculating the probability that the unknown text belongs to a certain event types in ERB.
119
Experimental Analysis
Based on the mathematical model of MEM, we develop the automatic emergency text classification method using java language and run it in the Eclipse. The open source segmentation software IK Analyzer is used to segment word and remove stop words.
In experiments, we select five typical emergencies: fires, wild fires, traffic accidents, dangerous chemical accidents and earthquakes, to verify the proposed classification method.
Totally, we collect 2260 emergency texts from Beijing emergency management system covering five types of emergency information described above. For classification processing, we separately select 100 texts as the training set from each kind of emergency information to construct the ERB. The remaining 1758 texts are used for the test to verify the result of the classification method. The distribution situation of them is shown in Table 2 . We evaluate the classification result of the emergency text classification method with the manual one by using precision, the recall, and micro-average-precision-Micro P tp Precision tp fp = +
Re
Where: tp (true positive) is total item number of items correctly be classified as positive ones. fp (false positive) is total number of items incorrectly be classified as positive ones. fn (false negative) is total number of items incorrectly be classified as negative ones.
Classification Results
The experimental results is shown in Table. 3. From it, we can draw the following conclusions:
1.
In general, both the precision rate and the recall rate of the emergency text classification method are preferable, and its Micro P reached 0.912, so it's an ideal classification method.
2. Emergency information of fires, wild fires and traffic accidents is classified more accurately than that of dangerous chemical accidents. The reasons behind this are that the category features of the latter one are not as clear as the former three, which could confuse with the features that refer to fires or traffic accidents. 
Summary
In order to improve government emergency information classification, we designed an automatic emergency text classification method based rules and MEM. According to PSTF theory, we proposed an emergency information composition mechanism. And based on it, we constructed the classification basis ERB. Then, we input ERB into MEM for training, and generated the emergency information classifier. And by using it, emergency texts are classified. Experiments have demonstrated that the proposed method is a promising tool for emergency classification. As future work, classification at a large scale remains to be studied.
